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AROMATIC POLYESTER AND FILAMENTS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to ?ber-forming melt-spinnable 

aromatic polyesters and to ?laments thereof having 
high tenacity and high modulus. 

2. Description of the Prior Art 
Aromatic polyesters capable of forming anisotropic 

melts and containing units derived from both chlorohy 
droquinone or methylhydroquinone and terephthalic 
acid have been disclosed in prior art patents U.S. Pat. 
Nos. 4,118,372; 4,075,262; 3,991,014; 4,066,620; 
3,991,013; 4,146,702 and 4,156,070. In these polyesters, 
other monomers are present in addition to those men 
tioned above. For example, in U.S. Pat. No. 4,118,372 a 
portion of the terephthalic acid is replaced by 2,6-naph 
thalenedicarboxylic acid, however, polyesters with 
potential for making ?laments having high tenacity and 
modulus require relatively high modi?cation with the 
expensive 2,6-naphthalenedicarboxylic acid monomer. 
In U.S. Pat. No. 4,146,702, 3-hydroxybenzoic acid is 
added. U.S. Pat. No. 3,778,410 suggests hydroxyaro 
matic carboxylic acids as useful components in polyes 
ters from ethylene glycol and terephthalic acid. 6 
Hydroxy-Z-naphthoic acid is shown in U.S. Pat. No. 
4,161,470 as a comonomer with 4-hydroxybenzoic acid. 

Chlorohydroquinone and terephthalic acid are rela 
tively inexpensive ingredients, however, polyesters 
formed entirely from repeat units of these two materials 
are not melt processable into ?laments. Even the addi 
tion of 4-hydroxybenzoic acid in small amounts as a 
comonomer does not result in a polyester that can be 
melt spun into ?laments without degradation. 

It has now been found that small amounts of 6 
hydroxy-Z-naphthoic acid bring the melting point of 
chlorohydroquinone- or methylhydroquinonetereph 
thalic acid polyesters into a range suitable for melt spin 
ning and promote homogeneity, thereby making the 
melts of these polyesters more amenable to processing. 
Moreover, the ?laments from these new polyesters 
exhibit high modulus as-spun and high tenacity upon 
heat treatment. 

SUMMARY OF THE INVENTION 

The present invention is directed to polyesters of 
?ber-forming molecular weight that exhibit optical 
anisotropy in the melt and consist essentially of units 
having the following structural formulas: 
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-continued 

a —O-R1—O-- and/or 1V 

wherein X is chloro- or methyl and unit 4a is a dioxy 
unit derived from hydroquinone, resorcinol, 2,5- or 
2,6-dichlorohydroquinone, and unit IV b is isophthal 
oyl, in the proportions of about 75 to 95 mol % of Units 
I and II and about 5-25 mol % of Units III and IV of 
which at least 5 mol % is Unit III. Preferably Units IV 
are 1,3 or 1,4-dioxyphenylene or isophthaloyl units. 
Dioxy units and dicarbonyl units in the polymer are 
substantially equimolar in quantity. Melt-spun and heat 
strengthened ?laments of such polyesters are included 
in the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The polyesters of the invention consist essentially of 
units as described above. Unit I, chloro-1,4-dioxypheny 
lene is normally provided by the diacetate of chlorohy 
droquinone and Unit II, terephthaloyl, by terephthalic 
acid. Unit III, 6-oxy-2-naphthoyl is generally derived 
from the monoacetate of 6-hydroxy-2-naphthoic acid. It 
will be apparent that other precursors can be usefully 
employed. 

Hydroquinone, resorcinol, 2,5-, 2,6-dichlorohy 
droquinone or other dihydric phenols may be used to 
provide 0-20 mol % of the dioxy units (Unit IV a) in the 
polyester. Similarly, isopthalic or other aromatic dicar 
boxylic acids may be used to provide 0-20 mol % of 
dicarbonyl units (Unit IV b) in the polyester. The par 
ticular type and amount of difunctional reactant to be 
used (other than for Units I, II and III) will be governed 
by its effect on melting point, melt anisotropy, melt 
processibility or ultimate tensile strength of ?laments 
from the polyesters. The number of dioxy units present 
in the polyester are substantially equivalent to the num 
ber of dicarbonyl units. The mol % of any unit is calcu 
lated based on the total mols of all repeat units present. 
Preferably, the polyester consists essentially of Units I, 
II and III. 

Conventional polymerization techniques may be em 
ployed such as described in the aforementioned U.S. 
Pat. No. 4,118,372 and more particularly in the exam 
ples described below. The precursor reactants are com 
bined in proportions corresponding to the molar pro 
portions of the units desired in the polyester products. 
Functional equivalents of the precursors may be em~ 
ployed. ' 

In general, a mixture of monomers (preferably with 
dihydric phenols in the form of their diacetates in up to 
7% excess) are heated with stirring, under nitrogen, in a 
250 ml 3-necked ?ask in a Wood’s metal bath from 
approximately 250° C. to 330°—380° C. Polymerization 
is continued for up to a total of 0.5 to one hour or longer 
if necessary until a ?ber-forming molecular weight is 
reached but is terminated before reaching excessive 
melt viscosity. Usually a vacuum is applied to obtain the 
?nal viscosity. The polyesters of the invention exhibit 
optical anisotropy in the molten state. 

Filament Preparation 
The polyesters may be spun into ?laments by conven 

tional melt-spinning techniques. In the examples below, 
?laments were prepared by melt-spinning into a 
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quenching atmosphere of air or nitrogen and collected 
at a windup speed speci?ed in the examples. The spin 
neret employed except in Ex. 6 had either 1 or 10 capil 
laries (holes), each shaped as a right circular cylinder 
0.23 mm in diameter and 0.46 mm long. “Melt tempera 
ture” is the temperature at which the melt was main 
tained (values in parentheses are temperatures of the 
spinnerets). Melt pumping speed is adjusted to give a 
?lament tex of about 0.5. 
As used herein, the term “as-spun ?ber” refers to a 

?ber which has not been drawn or heat treated after 
extrusion and normal windup. 

Heat Treatment and Utility 

Following collection, samples of undrawn (as-spun) 
mono?lament or multi?lament yarn were heat-treated 
substantially free of tension in an oven as described in 
US Pat. No. 4,183,895. Heating was in stages in a nitro 
gen atmosphere. Typically, temperature was raised to 
200° C. in 2 hrs, then to 304° C. in another 7 hrs, and 
?nally maintained at 304° C. for an additional 7 hrs. 
Such a heating sequence is abbreviated as 

The heat-treated ?bers of this invention are useful for 
a variety of industrial applications such as plastics and 
rubber reinforcement. 

Inherent viscosity (ppm) was computed from 

where 11,61 is the relative viscosity and C is a solution 
concentration of 0.5, i.e., 0.5 g of polymer per deciliter 
of solvent. Relative viscosity is the ratio of polymer 
‘solution flow time to solvent flow time in a capillary 
viscometer at 30° C. The solvent employed was either 
(A) a mixture of 7.5% tri?uoroacetic acid/ 17.5% 'meth 
ylene chloride/ 12.5% dichlorotetra?uoroacetone hy 
drate/ 12.5% perchloroethylene/ 50% p-chlorophenol 
(all percentages by volume); or (B) 100% p-chloro 
phenol. 
The polyesters of this invention are anisotropic in the 

melt as determined using the thermooptical test (TOT) 
described in US. Pat. No. 4,118,372. The polymers 
were characterized by “stick temperature” meaning the 
temperature of a thermal-gradient hot bar at the point at 
which the polymer ?rst began to stick. 
Mono?lament tensile properties were measured using 

a recording stress-strain analyzer at 70° F. (21.1° C.) and 
65% relative humidity. Sample lengths were 1.0 in (2.54 
cm) for mono?laments and 10 in (25.4 cm) for multi?la 
ment yarns, and rate of elongation was l0%/min. Re 
sults are reported as D/T/E/M or T/E/M where D is 
linear density in tex units of the single ?lament or multi 
?lament bundle, T is break tenacity in dN/tex, E is 
elongation-at-break expressed as the percentage by 
which initial length increased, and M is initial tensile 
modulus in dN/tex. Since linear density is normally 
substantially unchanged by heat-treatment, it is re 
ported only for the as-spun ?lament or yarn. 

Fibers of this invention have high heat-treated tenaci 
ties and high initial moduli (e.g., moduli of about 200 
dN/tex or greater). Average tensile properties for at 
least ?ve heat-treated ?laments or yarns are reported in 
the examples. 
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EXAMPLES 

The same general procedure was used in all the exam 
ples. It should be understood that the results reported 
below are believed to be representative and do not 
constitute all the runs involving the indicated reactants. 

In the examples, the diacetate of the dihydric phenol 
and the monoacetate of the hydroxy-aromatic acid were 
used. The aromatic dicarboxylic acids were used as 
such rather than as esters or other derivatives. 
The monomer ingredients were added to a 3-necked 

flask or resin kettle in substantially the same molar ra 
tios as desired in the ?nal polymer except that an excess 
(usually 5 to 7%) of acetylated dihydric phenols was 
generally used. The resultant polymer is identi?ed, for 
example, as 

CHQ/TPA/2,6HNA (42/42/16) 

meaning it was prepared from 42 mol % of the diacetate 
of chlorohydroquinone, 42 mol % of terephthalic acid 
and 16% of the acetate of 6-hydroxy-2-naphthoic acid 
(excesses of diacetates are not included in these percent 
ages). 
The 3-necked ?ask or resin kettle was ?tted with: (1) 

a glass stirrer extending through a pressure-tight resin 
bushing, (2) a nitrogen inlet, and (3) a short Vigreux 
column leading to a water-cooled condenser with a 
flask for collecting acetic acid by-product. An attach 
ment for application of vacuum was provided at the end 
of the‘condenser. An electrically heated Wood’s metal 
bath mounted for vertical adjustment was used for heat 
ing,’ The reaction mixture was heated to increasing 
temperatures with stirring at atmospheric pressure 
under nitrogen purge until essentially all the acetic acid 
had evolved. Then vacuum was applied and pressure 
was reduced gradually from atmospheric to less than 1 
mm of mercury. Heating under vacuum of less than 1 
mm mercury pressure was then continued until viscos 
ity had increased to a level believed satisfactory for 
melt-spinning. The cooled and solidi?ed polymer was 
comminuted, and a portion was molded into a cylindri 
cal plug for melt-spinning. 

EXAMPLE 1 

Filaments From Copolyesters of Chlorohydroquinone 
(CHQ), Terephthalic Acid (TPA) and 

6-Hydroxy-2-Naphthoic Acid (2,6HNA) 

Polymerization Ingredients 
Grams Used Mol Percent 

Ex. CHQ TPA 2,6HNA CHQ/TPA/2,6HNA 

1A 9.6(5%)* 6.64 4.6 40/40/20 
1B 119.80%) 81.3 48.30 41.2/4l.2/l7.6 
1C l09.2(7%) 74.1 36.22 42.5/425/15 
1D 11.3(7%) 7.68 l.73 46.25/46.25/7.5 

‘Percent excess 

Polymerization Conditions 
Temp. Time, 

Ex. °C. Min. Pressure‘ 

1A 270-350 28 Atmospheric 
350 10 Reducing to below 1 mm Hg 

(i.e. about 30 inches Hg 
vacuum) 

18 274-31 1 37 Atmospheric 
311-334 30 Reducing to below 1 mm Hg (l33Pa) 
334-336 28 0.4 mm Hg ('53 Pa) 

lC 283-310 3] Atmospheric 
310-332 26 Reducing to below 1 mm Hg (I33Pa) 
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-continued -continued 
332-338 28 0.4 mm Hg (53 Pa) Polymer Characterizations 

1D 260-360 45 Atmospheric _ Inherent Stick 

360-365 ‘0 ?esilugizg '0 below 1 mm Hg 5 Ex. Viscosity Solvent Temp. (°C.) 
_ 3 . 

‘Wt ' ' d' td "R a ‘ 1 bl 1 n " 2A 204 A 210 It!" pressure Is In [Ca e as C UCll'lg O C O\V mm g 3 vacuum gauge W415 
used which indicated 30 inches of mercuryv 28 1°77 A 280 

Polymer Characterizations Filament Extrusion 

Inherent _ Slick Temp (°C.) Windup No. of 
Run Viscosity Solvent Temp. (°C.) Ex. Melt (Spinneret) Speed (m/min) Holes 10 
1A Insoluble A 220 2A 290 (294) 549 1 
1H 3.10 B 218 2B \‘ ‘310 (312) 549 1 
1c 3.13 B 244 I 

lD Insoluble A 300 M 
Ex. Cycle 

Filament Extrusion l 5 z a on a h 

Temp (,C‘) Windup N0‘ of 2A RT;2_O C./2 hr 4- 25 C./2 hr + 270 C./2 r 4 
E11 Melt (Spinneret) Speed (m/min) Holes 29° CA0 h’ 

' 2B RT~200° C./2 hr + ZOO-304° C./7 hr + 304° C./7 hr 
IA 305 (315) 549 l T .l- P t. 5 
1B 324 (324) 500 10 m 
1C 320 (326) 500 m As-Spun Heat Treated 
‘D 375 (375) 549 1 20 Ex. D/F/E/M T/E/M 

Heat Treatmem 2A 0.8l/2.5/0.66/278 9.3/3.2/347 
Run Cycle 28 O.54/3.7/l.0/38l ll.4/3.8/32l 

lA RT-ZOO" C./2 hr 4- 200-304“ C./7 hr + 304° C./7 hr 
113 RT-200° C./2 h!‘ + 200—304° C./7 hr + 304° C./7 hr 
1c RT-ZOO" c./2 hr + 200-304" 0/? hr + 304“ 0/7 hr 25 EXAMPLE 3 

1D _ RTTZOO c/z hr + 200-304 c'” hr + 304 C'” hr Filaments From Copolyesters of Chlorohydroquinone 

m (CHQ), Terephthalic Acid (TPA), Isophthalic Acid 
As-Spun Heat Treated IA and 6-H drox -2-na hthoic acid 2 6HNA Ex. D/T/E/M T/E/M ( )’ y y p ( ’ ) 

lA 0.6l/l.l/0.4/207 l8t2/5.49/345 30 
1B 64.4/7.3/2.0/463 22.7/4.4/426 (Plied yarn) Polymerization Ingredients 

l3 T134331 532235 i‘é'ifi'ifi‘l? “'"ed ya“) Grams M“ PM’ 
I l ' ' ' Ex. CI'IQ TPA IA 2,6HNA CHQ/TPA/IA/2,6HNA 

, v _ ‘ 3A 330 (7%) 21.1 1.24 6.9 45/42.5/2.5/10 
_ When the proport1on 0f 6-hydroxy-2-naphtho1c acid 35 3B 110_() 6544 3,3 23 45/40/5/10 
1s mcreased such that 25 mol % of Unlt III 1s present 1n (7%) 
the polyester, the ?lament T/E/M is 9.24/ 3. 14/ 302 3C 11-0 (7%) 5-81 1'66 23 45/35/10/10 
after heat treatment at RT-200° C./2 ht‘+220° C./2 Polymerization Conditions 
hr+240° C./2 hr+260° C./l0 hr. It is anticipated that Temp Time, 
higher percentages of 6-hydroxy-2-naphthoic acid will 40 EX~ “C- M"‘- Pmsure" 
lead to lower tenacity ?bers. 3A 260-350 35 Atmospheric 

Surprisingly, a control polyester prepared by replac- 350-360 13 533%"? ‘° be1°w ' mm Hg 
1 . . a 

mg all of the 6-hydroxy-2-naphtho1c acid of Examplev 3B 294_3l0 30 Atmospheric 
lC w1tl1 an'equivalent amount of 3-chloro-4-hydrox- “0431 25 Reducing“, below 1 mm Hg (133113) 
ybenzolc acld or 4-hydroxybenzo1c ac1d could not be 45 331-335 14 0.4 mm Hg (53 Pa) ' 
melt spun. - 3C 280-340 ' 25 Atmospheric 

. 340-350 10 Reducing to below 1 mm Hg 
EXAMPLE 2 (133 Pa) 

~ ' ‘When pressure is indicated as “Reducing to below l mm Hg“ a vacuum gauge was F1laments From Copolyesters of Methylhydroqumone used which indicated 30 inches “mercury 
(MI-IQ), Terephthahc Acid (TPA) and 50 Polymer Characterizations 

6-Hydroxy-2-Naphthoic ‘Acid (2,6HNA) lnherem stick 
~ Ex. Viscosity Solvent Temp. (°C.) 

Polymerization Ingredients ‘ g Grams Mol Percent 43C _‘ __ 245 

Ex. MHQ TPA 2,6HNA MHQ/TPA/2,6HNA Filament Extrusion 

2A 8.74 (5%) 6.64 4.6 40/40/20 Temp. (‘C.) Windup No. of 
2B 9-28 (5%) 7-06 1 3-45 42-5/425/15 Ex. Melt (Spinneret) Speed (m/min) Holes 

Polymerization Conditions 3A 330 (340) 500 10 
Temp. Time, 60 3B 350 (353) 500 10 

Ex. °C. Min. Pressure‘ 3C 295 (297) 549 1 

2A 280-350 30 Atmospheric Heat Treatment “ 

350-358 15 liggulcing to below 1 mm Hg EX_ Cycle 
a . 

23 270430 30 ‘(Atmospheric 3A RT-200° C./2 hr + ZOO-304° C./7 hr + 304° C./7 hr 
330_350 20 Reducing to below 1 mm Hg 65 3B RT-200° C./2 hr + ZOO-304° C./7 hr 4- 304° C./7 hr 

(133 Pa) 30 1111200° 0/2 hr + 200-304“ 0/7 hr + 304" C./? hr 
‘when pressure is indicated as “Reducing to below l mm Hg" a vacuum gauge was 
used which indicated 30 inches of mercury. ~ 

Tensile Properties 
As-Sptm Heat Treated 
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-continued -continued 
EX. D/T/E/M T/E/M (133 Pa) 

3A 12.2/4,3/O,88/484 [9.4/35/512 (Plied yam) ‘When pressure is indicated as “Reducing to below 1 mm Hg" a vacuum gauge was 
3B 69.3/7.0/l.97/455 24.5/44/434 (Plied yarn) 5 used which indicated 3,0 "191155 of mercury 
3c 0.77/33/123/305 [4.7/5.2/289 P01 mar char?ctenzalwns 

Stick 
Ex. Temp. (°C.) 

EXAMPLE 4 5A 280 

Filaments From a Copolyester of Chlorohydroquinone 10 W a I 

(CHQ), Resorcinol (RQ), Terephthalic Acid (TPA) and EX Mgf'z‘spéifufifen spemiifmn) fig-16f 
6-Hydroxy-2-naphtho1c Acid (2,6HNA) 

5A 344 (346) 549 1 

Heat Treatment 
Polymerization Ingredients 15 EX_ cycle 

Grams M°l Perm‘ 5A RT-200° c./2 hr + 200-304“ c./7 hr + 304" on hr 
EX. CHQ RQ TPA 2,6HNA CHQ/RQ/TPA/2,6HNA T _l P _ 

____.__P;rt_ 
4A 29.3 2.91 22.4 6.9 40/5/45/10 ens! e m e '65 AS Spun Heat Treated 

(7%) . ' 

4H 8.56 2.07 7.47 2.3 35/10/45/10 20 E" D/T/E/M T/E/M 

(7%) (7%) 5A 1.0/4.1/l.l/428 14.8/3.7/433 
Polymerization Conditions 

Temp Time, 
Ex. °C. Min. Pressure* EXAMPLE 6 

4A 270-340 32 AtmosPhefic 25 Filaments From a Copolyester of 
34°45‘) 13 Red‘lcmg ‘° bel°w 1m" “g Chloroh dro uinone* CH , Tere hthalic Acid 

(133 Pa) y q . p . 
43 280434 26 Atmospheric (TPA), and 6-Hydroxy-2-naphtho1c Acld (2,6HNA) 

334-340 6 Reducing to 0.5 mm Hg (67 Pa) 
340-344 4 0.5 mm Hg (67 Pa) 

Polymerization Ingredients ‘When pressure is indicated as “Reducing to below 1 mm Hg" a vacuum gauge was 30 
used which indicated 30 inches of mercury. ‘Grams Used 

Polymer Characterizations EX, CHQ TPA 2,6HNA 
Inherent Stick 

Ex. Viscosity Solvent Temp. (°C.) 6A 546 (2%) Moleslzrcem ‘81 

4A 16 B 280 35 42.5 42.5 15 

4B _ _ 200 ‘Used as a mixture analyzing for 95.5 wt % (40.9 mol %) CHQ, 0.4 wt % (0.2 mol 
Filament Extrusion %) HQ and 3.8 wt % (1.4 mol %) of 2.5- and 2,6-dichlcrohydroquinone diacetate. 

Temp (,C) Windup No‘ of Polymerization Conditions _ 
Ex. Melt (Spinneret) Speed (m/min) Holes Temp. Tlme, 

Ex. °C. Min. Pressure 
4A 315(322) 500 10 
4B 305 (305) 549 1 40 6A 291-311 40 Atmospheric 

311-340 40 (130-740 mm) 
M 344-345 25 (035-5 mm) 

EX' ‘cycle Filament Extrusion 
4A RT-ZOO‘ C./2 hr + 200-304“ C./7 hr + 304° C./7 hr Temp (°c_) Windup No. of 
4B RT-ZQOq C./2 hr + ZOO-304° C./7 hr + 304° C./7 hr 45 EX_ Melt Speed (In/min) Holes 

T—L__e"S"e Pm "ties 6A 330-339 930 34 (0.30 mm 
As-Spun Heat Treated long, 023 mm 

Ex. D/T /E/ M ‘T/E/M diameter) 

4A 39.8/4.6/1.24/408 24.3/4.7/406 (Plied yarn) Heat Treatment 
4B 1.9/4.1/192/304 21.2/7.2/316 50 EX cycle 

6A lRT-2()O° C./2 hr + 200-304“ C./7 hr + 304'’ C./7 hr 

EXAMPLE 5 M 

Filaments From a Copolyester of Chlorohydroquinone 
(CHQ), Hydroquinone (HQ), Terephthalic Acid (TPA) 

and 6-Hydroxy-2-naphthoic Acid (2,6HNA) 

Polymerization Ingredients 
Grams Mol Percent 

Ex. CHQ HQ TPA 2,6HNA CHQ/HQ/TPA/2,6HNA 

5A 9.78 1.04 7.47 2.3 40/5/45/10 
(7%) (7%) 

Polymerization Conditions 
Temp Time, 

Ex. °C. Min. Pressure“ 

5A 280-340 30 Atmospheric 
340-360 [0 Reducing to below 1 mm Hg 

60 

As-Spun Heat Treated 
Ex. D/F/E/M T/E/M 

6A 19.6/8.52/2.0/564 29.0/4. l/571 (yarn) 

I claim: 
1. Polyesters of ?ber-forming molecular weight con 

sisting essentially of units having the following struc 
tural formulas: 

o 
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-continued 
0 0 ll 
II II 

III 

0 
and 0-20 mol % 

"-C 
ll 
0 

a —O-R|—-O-- and/or IV 

wherein X is chloro- or methyl, and wherein unit 4a is 
a dioxy unit derived from hydroquinone, resorcinol, 
2,5- or 2,6-dichlorohydroquinone, and unit IVb is isoph 
thaloyl, in the proportions of about 75 to 95 mol % of 
Units I and II and about 5-25 mol % of Units III and IV 20 

25 

35 

45 

55 

65 

10 
of which at least 5 mol % is Unit III, the dioxy units and 
the dicarbonyl units in the polymer are substantially 
equimolar in quantity. 

2. A ?lament of a polyester of claim 1. 
3. A ?ber-forming polyester according to 

consisting essentially of Units I, II and III. 
4. A ?lament 0f the polyester of claim 3. 
5. A ?ber-forming polyester according to 

wherein Unit IV is 1,3-dioxyphenylene. 
6. A ?lament of the polyester of claim 5. 
7. A ?ber-forming polyester according to 

wherein Unit IV is isophthaloyl. 
8. A ?lament of the polyester of claim 7. 

' 9. A ?ber-forming polyester according to 
wherein Unit IV is 1,4-dioxyphenylene. 

10. A ?lament of the polyester of claim 9. 
11. A ?ber-forming polyester according to 

wherein X is chloro-. 
12. A ?lament of the polyester of claim 11. 

* * * * * 

claim 1 

claim 1 

claim 1 

claim 1 

claim 1 


